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Introduction
Both total outpatient antibiotic use in Europe and the use of four major antibiotic subgroups, namely penicillins, cephalosporins, macrolides and quinolones, have previously been reported, 1 -5 and are updated in a series of articles to accompany this one. 6 -10 This paper reports for the first time outpatient use in Europe of antibacterials for systemic use classified as tetracyclines, sulphonamides and trimethoprim, and other antibacterials according to the Anatomical Therapeutic Chemical (ATC) classification.
11 In addition to a detailed account of their use in 2009, the trends over time, seasonal variation and composition of their use are also reported. Tetracyclines and amoxicillin have been recommended as first-choice antibiotics in community-acquired lower respiratory tract infection, which is one of the most common conditions encountered in primary care. 12 Trimethoprim and nitrofurantoin, which belong to the other two antibiotic subgroups addressed in this paper, are
Methods
In 2009, 35 countries were included in the European Surveillance of Antimicrobial Consumption (ESAC) project, of which 33 provided valid data on antibiotic use. The methods for collecting use data on systemic antibiotics are described elsewhere. 6 For the period 1997 -2009 , data on the use of systemic antibiotics for ambulatory care aggregated at the level of the active substance were collected, in accordance with the ATC classification and defined daily dose (DDD) measurement unit (WHO, version 2011) .
11 , outpatient antibiotic use data, expressed in DDD per 1000 inhabitants per day (DID) and packages per 1000 inhabitants per day (PID), were available from 32 countries (and 2004 data for Switzerland) and 17 countries in Europe, respectively, and the outpatient use of tetracyclines, sulphonamides and trimethoprim, and other antibacterials was compared between these countries. The ATC group 'Tetracyclines' is not subdivided into subgroups, but for both 'Sulphonamides and trimethoprim' (J01E) and 'Other antibacterials' (J01X) subgroups have been defined, and will be applied to assess outpatient use in more detail (Table 1 ). The number of DDD per package was calculated by dividing DID by PID values for each country. Quarterly outpatient use data in DID were statistically modelled to assess use and seasonal variation of use and their trends from 1997 to 2009 for Europe. Longitudinal data analysis was performed. 15 Through compositional data analysis, annual outpatient use data in DID were modelled to assess trends of the relative proportions of the available subgroups from 1997 to 2009 for Europe. 16 In addition, we describe trends and seasonal variation in the use of tetracyclines, sulphonamides and trimethoprim, and other antibacterials in DID, and trends of their relative proportions from 1997 to 2009 for individual countries.
Results
The WHO Collaborating Centre for Drug Statistics Methodology has assigned 14, 33 and 23 unique ATC codes for substances classified as tetracyclines, sulphonamides and trimethoprim, and other antibacterials, respectively (Table 1) . Only 5, 4 and 7 of these substances accounted for .1% of the total outpatient use in 2009 in Europe of tetracyclines, sulphonamides and trimethoprim, and other antibacterials, respectively, while no use was recorded for 5, 21 and 5 substances, respectively. Figure 1 (a-c) shows the total outpatient use of tetracyclines, sulphonamides and trimethoprim, and other antibacterials in 2009 for 32 European countries, including two countries (Cyprus and Lithuania) with total antibiotic use data expressed in DID. The data shown for Switzerland are for 2004.
Tetracyclines

Outpatient tetracycline use in 2009
Outpatient tetracycline use varied by a factor of 1649 between the countries with the highest (5.1 DID in Iceland) and the lowest (0.003 DID in Slovenia) use and by a factor of 44 between the countries with the highest and the second lowest use (0.11 DID in Romania) (Figure 1a) . Doxycycline represented .50% of the total outpatient tetracycline use in all but five countries (Belgium, Denmark, Ireland, Sweden and the UK, but even there use was .30%), and it was the most used tetracycline in all but two countries. In Denmark tetracycline was used most often (.40%) and in the UK lymecycline was used most often (.30%). Use of tetracycline was .20% in Finland, Germany and Norway as well, and lymecycline was also used in Belgium, Denmark, Ireland, Italy and Sweden. Use of minocycline was .20% in Belgium, Ireland, Israel, Italy, Malta and Portugal. Figure 2 (a) shows total outpatient tetracycline use in 17 European countries for 2009 expressed in PID. In addition, their ranking is depicted according to both DID and PID. The DDD per package ranged from 3.8 in Italy to 22.8 in Denmark. Higher values were associated with higher ranking in DID than in PID. Denmark and Sweden appeared higher in the ranking in DID than in that in PID, because of their high number of DDD per package, while for Bulgaria and the Russian Federation the opposite was observed.
Longitudinal data analysis (1997 -2009) A significant decrease in total outpatient tetracycline use of 0.01 (SD 0.003) DID per quarter was found, starting from 2.60 (SD 0.25) DID in the first quarter of 1997, and there was large seasonal variation with an amplitude of 0.62 (SD 0.07) DID, which decreased significantly over time by 0.006 (SD 0.002) DID per quarter (Figure 3a) . Furthermore, the longitudinal analysis showed that the winter peak of outpatient antibiotic consumption shifted significantly in timing from one year to another, and that there was a significant positive correlation between the volume of use and the seasonal variation. Thus, in terms of absolute amounts, countries with high tetracycline use tended to have a high seasonal variation in tetracycline use and vice versa. Table 2 provides an overview of the consumption trends in the participating countries between 1997 and 2009. Two countries showed an increase in tetracycline use of .0.50 DID between the first and last years of observation, and 12 countries showed a similar decrease in use. In Hungary, Luxembourg, Poland and Portugal tetracycline use decreased by .1 DID, whereas in Belgium and Bulgaria use decreased by .2 DID.
The seasonal variation of outpatient tetracycline use in 12 European countries able to deliver quarterly data from 1997 to 2009 and missing a maximum of 1 year of data is shown in Figure S1 (a) (available as Supplementary data at JAC Online). Another 15 countries were able to deliver seasonal data but were missing more than 1 year of data ( Figure S2a , available as Supplementary data at JAC Online). In eight countries (Austria, Belgium, Croatia, Finland, Hungary, the Netherlands, Poland and Sweden) use in the first and fourth quarters was .40% higher than that in the second and third quarters. In another three countries (Germany, Estonia and Slovenia) this seasonal variation was .30%. In 16 countries it was ,30%, but still .20% (Cyprus, the Czech Republic, Iceland, Italy, Latvia, Luxembourg, Portugal, Spain and Slovakia), .10% (Denmark, Greece, Lithuania and Israel) or ,10% (Ireland, the Russian Federation and the UK). Seasonal variation of tetracyclines was mainly driven by doxycycline, but was also observed for minocycline [.20% in seven countries, amongst which were Cyprus (41%) and the Czech Republic (110%)]. Coenen et al. vi58 Compositional data analysis (1997 -2009) The relative use of tetracyclines decreased non-significantly over time with respect to all other antibiotic subclasses except sulphonamides. 6 Variation in relative use among the different tetracycline substances was not assessed statistically. Between 1997 and 2009, differences in the proportional use of the different tetracycline substances of ≥10% were observed in 16 countries ( Figure S3a , available as Supplementary data at JAC Online). The proportional use of doxycycline decreased in nine countries (.10% in Austria, Finland, Germany, Luxembourg, Norway, Portugal and Sweden, .20% in Malta and .30% in Belgium) and increased in five (.10% in Bulgaria, Denmark and Spain, and .30% in France and Ireland). The proportional use of limecycline decreased by .20% in France and increased in eight countries (.10% in Finland, Luxembourg, Norway and Sweden, and 
Sulphonamides and trimethoprim
Outpatient sulphonamide and trimethoprim use in 2009
Outpatient sulphonamide and trimethoprim use varied by a factor of 205 between the countries with the highest (1.18 DID in the UK) and the lowest (0.006 DID in Lithuania) use and by a factor of 7 between the countries with the highest and the second lowest use (0.16 DID in Romania) ( Figure 1b ). Combinations of sulphonamides and trimethoprim, including derivatives, represented .90% of the total outpatient use of sulphonamides and trimethoprim in 21 countries and .80% in the Czech Republic (mainly sulfamethoxazole and trimethoprim). Use of these combinations was lower in Austria (37%), Denmark (0%), Finland (0%), Ireland (26%), Iceland (47%), Lithuania (0%), the Netherlands (62%), Norway (34%), the Russian Federation (64%), Sweden (46%) and the UK (0%). Trimethoprim and derivatives were the most widely used subgroup in Austria (63%), Denmark (64%), Finland (100%), Ireland (74%), Iceland (53%), Lithuania (100%), Norway (66%), Sweden (54%) and the UK (99%) (mainly trimethoprim). In the Netherlands this was also a Coenen et al.
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commonly used subgroup (38%; trimethoprim). Denmark was the only country using a substantial proportion of short-acting sulphonamides (35%; sulfamethizole). Use of intermediate-acting sulphonamides was ,1% in all but four countries. Only in the Russian Federation was a substantial proportion of long-acting sulphonamides used (34%; sulfadimethoxine). Longitudinal data analysis (1997 -2009) A non-significant decrease in total outpatient sulphonamide and trimethoprim use of 0.007 (SD 0.005) DID per quarter was found, starting from 0.98 (SD 0.24) DID in the first quarter of 1997. A large seasonal variation with an amplitude of 0.17 (SD 0.03) DID was seen, which decreased significantly over time by 0.002 (SD 0.0004) DID per quarter (Figure 3b ). The longitudinal analysis showed that the winter peak of outpatient antibiotic consumption shifted in timing significantly from one year to another. The correlation between volume of use and seasonal variation was not significant.
An increase in the use of sulphonamides and trimethoprim of .0.50 DID between the first and the last years of observation was not observed, but in 14 countries use decreased by .0.50 DID. In Iceland, Poland and Slovakia the use of sulphonamides and trimethoprim decreased by .1 DID ( Table 3) .
The seasonal variation in the 12 European countries able to deliver quarterly data from 1997 to 2009 and missing a maximum of 1 year of data, is shown in Figure S1 (b) (available as Supplementary data at JAC Online). Another 15 countries were able to deliver seasonal data but were missing more than 1 year of data ( Figure S2b , available as Supplementary data at JAC Online). In five countries (the Czech Republic, Estonia, Israel, Latvia and Poland) use in the first and fourth quarters was .40% higher than that in the second and third quarters. In another two countries (Hungary and the Russian Federation) this seasonal variation was .30%. In 20 countries it was ,30%, but it was .20% in Belgium and the UK, and .10% in Cyprus, Germany, Croatia, Italy, Luxembourg, Slovenia and Spain. Seasonal variation of sulphonamides and trimethoprim was mainly driven by sulfamethoxazole and trimethoprim.
Compositional data analysis (1997 -2009) For Europe, the relative use of combinations of sulphonamides and trimethoprim, including derivatives (J01EE), significantly decreased over time with respect to that of the concatenation of short-, intermediate-and long-acting sulphonamides (J01EB, J01EC and J01ED) ( Table 4) . Between 1997 and 2009, differences of ≥10% in the proportional use of the different sulphonamide and trimethoprim subclasses were observed in seven countries ( Figure S3b , available as Supplementary data at JAC Online). The proportional use of trimethoprim and derivatives decreased in Sweden by .20% and increased in four countries (.10% in Austria and Iceland, .20% in Denmark and .40% in Finland). The proportional use of shortacting sulphonamides decreased by .10% in Denmark. The proportional use of intermediate-acting sulphonamides did not vary by .10% in any country. The proportional use of long-acting sulphonamides decreased by .10% in Bulgaria. The proportional use of combinations of sulphonamides and trimethoprim, including derivatives, decreased in three countries (.10% in Austria and Iceland, and .40% in Finland) and increased in four countries (.10% in Bulgaria, France and Italy, and .20% in Sweden).
Other antibacterials
Outpatient use of other antibacterials in 2009
Outpatient use of other antibacterials varied by a factor of 3689 between the countries with the highest (2.97 DID in Lithuania) Coenen et al. (Figure 1c) . Nitrofuran derivatives represented .50% of the total outpatient use of other antibacterials in 20 countries (.90% in Belgium, Croatia, the Czech Republic, Estonia, Israel, Luxembourg, Malta, the Netherlands and Poland, .80% in Germany, Portugal and the UK, .70% in Austria, Hungary and Latvia, .60% in Cyprus, Denmark, Greece and the Russian Federation, and .50% in France). In Iceland, Israel and Italy nitrofuran derivatives represented .30%, whilst in Finland and Spain they represented .20% of outpatient use. In all but two countries only nitrofurantoin was used [nifurtoinol in Belgium (44%) and Luxembourg (17%)]. The chemical subgroup other antibacterials (J01XX) represented .60% of total outpatient use of the pharmacological subgroup other antibacterials (J01X) in seven countries (Finland, Italy, Norway, Slovakia, Slovenia, Spain and Sweden). In Denmark, Hungary, Iceland, Latvia and the Russian Federation it represented .20%. Methenamine and fosfomycin, and to a lesser extent nitroxoline and linezolid, were used, each country using a substantial proportion of only one of these substances.
In Ireland, Slovakia and Switzerland the use of polymyxins was .20%. Steroid antibacterials (¼ fusidic acid; see Table 1) represented .40% of all outpatient use of other antibacterials in Switzerland. Imidazole derivatives were the most used subgroup in Bulgaria (81%), Lithuania (56%) and Romania (97%). 
Longitudinal data analysis (1997 -2009)
A non-significant increase in total outpatient use of other antibacterials of 0.009 (SD 0.005) DID per quarter was found, starting from 0.42 (SD 0.17) DID in the first quarter of 1997, and seasonal variation was not significant (Figure 3c ).
An increase in the use of other antibacterials of .0.50 DID between the first and last years of observation was observed in eight countries. A similar decrease in use was seen in Estonia ( Table 5) .
The seasonal variation of outpatient use of other antibacterials in 12 European countries able to deliver quarterly data from 1997 to 2009 and missing a maximum of 1 year of data is shown in Figure S1 (c) (available as Supplementary data at JAC Online). Another 15 countries were able to deliver seasonal data but were missing more than 1 year of data ( Figure S2c , available as Supplementary data at JAC Online). In none of these countries was use in the first and fourth quarters .20% higher than that in the second and S (damping effect), predicted average increase (if positive)/decrease (if negative) of the amplitude of the upward winter and downward summer peak in use per quarter; d (phase shift), shift in timing of the upward winter and downward summer peak from one year to another. *Significant (P, 0.05). Coenen et al. vi64 third quarters. Only in six countries (Croatia, the Czech Republic, Hungary, Latvia, the Russian Federation and Slovenia) was this seasonal variation .10%. Seasonal variation of other antibacterials was driven by nitrofurantoin rather than by methenamine use.
Compositional data analysis (1997 -2009) For Europe, the relative use of imidazole derivatives (J01XD) significantly decreased over time with respect to that of fusidic acid (J01XC) and the chemical subgroup other antibacterials (J01XX) ( Table 6 ). Between 1997 and 2009, differences of ≥10% in the proportional use of the different subclasses of other antibacterials were observed in 20 countries ( Figure S3c , available as Supplementary data at JAC Online). Six countries showed differences of .50%. The use of imidazole derivatives shifted to nitrofuran derivatives in Croatia and Estonia, and to polymyxins and other antibacterials in Slovakia. In Austria, use shifted from fusidic acid to nitrofuran derivatives, in Hungary from other antibacterials to nitrofuran derivatives and in Ireland from nitrofuran derivatives to polymyxins and fusidic acid. The proportional use of nitrofuran derivatives also decreased by .10% in Greece and Italy, decreased by .20% in Lithuania and Spain, increased by .10% in Cyprus, Germany and Poland, increased by .20% in Denmark, Latvia and Luxembourg, and increased by .30% in Malta. The proportional use of other antibacterials also decreased by .10% in Germany and Luxembourg, decreased by .20% in Denmark, increased by .10% in Bulgaria, Iceland and Italy, and increased by .20% in Spain.
Discussion
This paper describes in detail for the first time outpatient use of tetracyclines, sulphonamides and trimethoprim, and other antibacterials in Europe. It complements descriptions of the other major antibiotic subgroups: penicillins; cephalosporins; macrolides, lincosamides and streptogramins; and quinolones. 7 -10 In contrast to most of these antibiotic subgroups, for tetracyclines a significant and for sulphonamides and trimethoprim a non-significant decrease in use was observed between 1997 and 2009. Similar to the other major substances, seasonal variation of these substances was also substantial and significantly decreasing. For the other antibacterials (ATC J01X), including substances that are mostly used in ambulatory care to treat and prevent lower urinary tract infections, no significant change was observed in the volume of use or in their seasonal variation. However, the variation in use between countries and in the composition of use over time was huge. The latter findings should, however, be interpreted with caution, given the low use in DID of many of the substances studied. The low use in DID also magnifies the impact of total care data, i.e. data including hospital consumption. Also for countries moving from delivering total care data to ambulatory care data, and for countries moving, for example, from delivering sales data to reimbursement data, the impact of these changes is more visible. These changes were described in the introductory paper of this series and in the ESAC yearbooks. 6,17 -20 For the tetracyclines, no classification into chemical subgroups is available within the ATC classification.
11 To provide a better understanding of their outpatient use in Europe, we grouped the tetracyclines close to the substance level. This JAC enabled us to distinguish between substances like doxycycline, used for respiratory infections, with high seasonal variation, and minocycline, which shows much lower seasonal variation and is used for the longer-term treatment of acne. For the combinations of sulphonamides and trimethoprim, as for many other combination products, assignment of the DDD value was not straightforward, but the participating networks were supported in doing this according to the WHO guidelines for ATC classification and DDD assignment to provide comparable and reliable data. 11, 20 For the pharmacological subgroup of other antibacterials (ATC J01X), as for all other antibacterial substances collected in ESAC, no topical use data were collected. Reported outpatient use of fusidic acid, polymyxins (mainly colistin) and glycopeptide antibacterials (e.g. vancomycin) is therefore very limited in most European countries. Yet, there are exceptions, such as France, Greece and Portugal using fusidic acid, and Greece and Ireland using polymyxins (mainly colistin). In Greece and Italy, and this is especially visible when use is expressed in PID, outpatient glycopeptide use was observed, as it was also in Lithuania and Cyprus, two countries providing total care data. In the Czech Republic and Greece imidazole derivatives (mainly metronidazole) were used in ambulatory care. The visibility of their use when expressed in PID instead of DID was probably related to the parenteral use of these substances, each package representing only 1 DDD. This also explains why Italy and the Russian Federation, for example, were ranked high when outpatient use was expressed in PID. They have high outpatient parenteral antibiotic use. 21 Use of oral vancomycin as an intestinal antiinfective (ATC A07AA09) is not reported here. Historically, the urinary antiseptics and anti-infectives were moved from ATC G04A to J01MB (other quinolones) and J01X (other antibacterials). Therefore, in Nordic countries, especially in Sweden, the commonly used urinary antiseptic methenamine has not been included in total antibiotic consumption figures.
14 This would mean that their total outpatient antibiotic use in 2009 presented by Adriaenssens et al. 6 should be reduced by 2.54 DID for Norway, 1.47 DID for Finland, 1.39 DID for Sweden, 0.26 The most used substances reported in this paper were mainly used for respiratory and urinary tract infections. The decrease in the use of tetracyclines and its seasonal variation might be related to the fact that the need to prescribe antibiotics for respiratory tract infection has been shown to be limited, 22, 23 as well as the need to cover for atypical pathogens, i.e. Chlamydophila pneumoniae, Mycoplasma pneumoniae or Legionella pneumophila. 23 Although well studied in the Netherlands, 24 doxycycline is no longer among the recommended antibiotics for lower respiratory tract infections by the Dutch College for General Practitioners, because of problems of resistance, 25 and this recommendation might be adopted by other countries and societies. Among the substances studied, the tetracyclines are still the most commonly used. As the European population is Outpatient use of tetracyclines and other antibacterials in Europe (ESAC) vi67 JAC ageing, however, the use of recommended substances for the treatment and prevention of urinary tract infections might become important as well. Currently, methenamine and nitrofurantoin represent the most commonly used substances in European nursing homes, but quinolones are prescribed as well. 26 In conclusion, as for all other major antibiotic subgroups, there was striking variation between European countries in the outpatient use and composition of use of tetracyclines, sulphonamides and trimethoprim, and other antibacterials. In combination with the decreasing use, especially of recommended substances, this represents another opportunity to not only reduce antibiotic use, but also to improve its quality for respiratory, urinary and skin infections. Coenen et al. vi68 
